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(54) Process for recovering ditrimethylolpropane 

(57) The present invention provides processes for 
recovering ditrimethylolpropane from a still residue ob- 
tained by extracting and then distilling off trim ethyl olpro- 
pane from a reaction solution obtained by reacting n- 
butyraldehyde with formaldehyde in the presence of a 
basic catalyst. 

One process comprises acid decomposition of formals 



in the still residue. 

A second process comprises removal from the still res- 
idue of components having a higher boiling point than 
that of ditrimethylolpropane followed by crystallization 
of the resultant product. 
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compound contained in tho sti!! residue to acid decomposition, i!) removing high-boiling components having a 
higher boiling point than that of ditrimethylolpropane, from the still residue, and iii) subjecting the resultant product 
to crystallization using a solvent; 

(5) a process according to any one of the above aspects (1) to (3), wherein after the forma! compound contained 
5 in a distillate obtained by removing the high-boiling components having a higher boiling point than that of ditrimeth- 
ylolpropane, is subjected to acid decomposition, the resultant product is subjected to crystallization using a solvent; 

(6) a process according to the above aspect (4) or (5), wherein the removal of the high-boiling components having 
a higher boiling point than that of ditrimethylolpropane, is performed by molecular distillation; 

(7) a process according to any one of the above aspects (1) to (3), wherein after the still residue is first subjected 
10 to crystallization using a solvent and then the formal compound contained in the resultant crystallized product is 

subjected to acid decomposition, the resultant reaction mixture obtained from the acid decomposition is subjected 
to crystallization; 

(8) a process for recovering ditrimethylolpropane from a still residue obtained by extracting and then distilling off 
trimethylolpropane from a reaction solution obtained by reacting n-butyraldehyde with formaldehyde in the pres- 

15 ence of a basic catalyst, said process comprising: removing high-boiling components having a higher boiling point 

than that of ditrimethylolpropane, from the still residue, and subjecting the resultant product to crystallization; 

(9) a process according to the above aspect (8), wherein the removal of the high-boiling components having a 
higher boiling point than that of ditrimethylolpropane, is performed by molecular distillation ; and 

(1 0) a process according to the above aspect (8) or (9), wherein the solvent used upon the crystallization is water. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0009] The ditrimethylolpropane (di-TMP) of the present invention and bistrimethylolpropane (bis-TMP), are repre- 
sented by the following formulae (I) and (II), respectively. 

c 2 h 5 C2H5 
I I 

HO— CH 2 — C— CH 2 — O— CH2—C— CH 2 — OH (D 
CH 2 CH 2 
OH OH 



C 2 H5 C2H5 

I I 
HO CH 2 C CH 2 0 CH 2 O CH 2 C CH 2 OH (II) 

40 | I 

CH 2 CH 2 

OH OH 

45 



[0010] In the process of the present invention, when TMP is separated from a reaction solution obtained by the 
so reaction between NBD and formaldehyde, the reaction solution in either concentrated or n on -concentrated state is 
subjected to extraction with a solvent to obtain a TMP extract (crude TMP) containing substantially no sodium formate. 
[0011] Examples of the solvent used upon the extraction of TMP include aliphatic esters such as butyl acetate and 
ethyl acetate; aliphatic ketones such as methylethyl ketone, methylisobutyl ketone and diisopropyl ketone; alcohols 
such as isobutanol, amy! alcohol, hexyl alcohol and cyclohexanoi; aldehydes such as isobutyraldehyde and n-butyral- 
55 dehyde; and mixed solvents thereof. 

[0012] The crude TMP produced by extracting TMP from the reaction solution obtained by the reaction between NBD 
and formaldehyde, is purified by distillation under high vacuum to separate a TMP product from the still residue. The 
di-TMP is recovered from the still residue. 
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[0023] After completion of the acid decomposition reaction, the resultant reaction mixture was successively subjected 
to neutralization, removal of low-boiling components and removal of salts and high-boiling components having a higher 
boiling point than that of di-TMP to obtain a high-purity di-TMP. 

[0024] As the neutralize^ there may be used aqueous solutions of sodium carbonate, sodium hydrogencarbonate, 
5 sodium hydroxide or the like. 

[0025] The neutralization procedure may be conducted by adding the neutralizer little by little to the reaction mixture 

obtained by the acid decomposition reaction, and continued until the pH value thereof reaches 7. 

[0026] The low-boiling components may be removed by distillation. Here, the M low-boiling components" mean those 

components having a lower boiling point than that of di-TMP, and mainly include CMF and TMP These low-boiling 
10 components may be readily removed by distillation since the boiling points thereof are far lower than that of di-TMP. 

The distillation temperature is in the range of 140 to 200°C, preferably 150 to 180°C, and the distillation pressure is 

670 Pa or lower, preferably 1 30 Pa or lower. 

[0027] The removal of the salts and the high-boiling components having a higher boiling point than that of di-TMP 
may be effectively conducted by molecular distillation, specially film evaporator. The temperature used for the film 
is evaporator is in the range of 130 to 280°C, preferably 160 to 250°C, and the pressure is 130 Pa or lower. 

[0028] Also, in the first invention, the reaction mixture obtained by the acid decomposition reaction may be subjected 
to crystallization by adding a solvent thereto to obtain purified di-TMP. 

[0029] Examples of the solvent used for the crystallization of di-TMP include organic solvents, e.g., aliphatic ethers 
such as dioxane and tetrahydrofuran; aliphatic esters such as ethyl acetate and butyl acetate; aliphatic ketones such 
20 as acetone and methyl isobutyl ketone; and aliphatic alcohols such as hexyl alcohol and heptyl alcohol. These solvents 
may be used alone or in the form of a mixture of any two or more thereof. 

[0030] The amount of the solvent used is 0.5 to 10 parts by weight, preferably 1 to 4 parts by weight based on one 
part by weight of the still residue obtained after the recovery of TMP. When the amount of the solvent used is less than 
0.5 part by weight, the resultant crystals are deteriorated in quality, or no crystals are obtainable. When the amount of 
25 the solvent used is more than 10 parts by weight, the burden required for the recovery of the solvent becomes large, 
resulting in industrially disadvantageous process. 

[0031] In the crystallization of di-TMP, the reaction mixture obtained by the acid decomposition reaction is mixed with 
the solvent under heating until a transparent solution is obtained. Then, the resultant solution is slowly cooled while 
stirring. In this case, the reaction mixture is usually heated to a temperature of 60 to 80°C, and then the resultant 
30 solution is cooled to about room temperature. In order to obtain the crystals at higher yield, the solution is cooled to a 
temperature lower than room temperature, preferably 0 to 1°C. The thus obtained crystals are washed, filtered, cen- 
trifugally separated and then dried to obtain a high-purity di-TMP 

[0032] Meanwhile, the crystal-washing solution obtained upon the crystallization of di-TMP and the solvent recovered 
upon the drying may be reused as the solvent for the crystallization. 
35 [0033] In the first invention, when the acid and/or the hydroxylamine salt is added to the still residue obtained after 
distilling off TMP; bis-TMP may be selectively decomposed. Therefore, it becomes possible to readily obtain a high- 
purity di-TMP. 

[0034] Further, in the first invention, the formation of CDF is avoided by adding the scavenger for decomposed prod- 
ucts during the acid decomposition reaction, so that the di-TMP is produced at a high yield. Accordingly, in the first 
40 invention, even if the still residue obtained after distilling off TMP contains a considerable amount of bis-TMP, it is 
possible to obtain a high-quality di-TMP therefrom at a high yield. 

[0035] Furthermore, since the process according to the first invention comprises the steps of i) subjecting the formal 
compound contained in the still residue to acid decomposition; ii) removing high-boiling components having a higher 
boiling point than that of ditrimethylolpropane, from the still residue; and iii) subjecting the resultant product to crystal- 

45 lization using a solvent, it is possible to effectively recover the di-TMP 

[0036] The present Inventors have found that coloring components contained in the di-TMP products are compounds 
having a higher boiling point than that of di-TMP. Therefore, it is desirable to previously remove the high-boiling com- 
ponents from the still residue before the acid decomposition reaction. The removal of the high-boiling components from 
the still residue before the acid decomposition reaction may be suitably performed by either distillation or crystallization 

50 using a solvent. When the high-boiling components are removed from the still residue, substantially whole amounts of 
coloring components and salts such as sodium formate can be eliminated therefrom. 

[0037] In the case where the high-boiling components are removed from the still residue by distillation, molecular 
distillation, specially the film evaporator is used to effectively distill off di-TMP. The temperature used for the film evap- 
orator is in the range of 130 to 280°C, preferably 160 to 250°C, and the pressure used therefor is 130 Pa or lower. As 
55 the temperature for the film evaporator is lowered, the ratio of bis-TMP to di-TMP on the distillate side is reduced, so 
that the removal efficiency of the coloring components is improved. 

[0038] When the high-boiling components are removed from the still residue by crystallization using a solvent, the 
crystallization may be performed in the substantially same manner as the above crystallization procedure conducted 
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[0051] TMP was produced by reacting n-butyraldehyde with formaldehyde by the method described in Japanese 
Patent Application Laid-open No. Heisei 11 (1999)-49708. After completion of the reaction, the raw materials as low- 
boiling components were recovered and by-products were removed from the reaction solution, and then the resultant 
crude TMP was distilled by a film evaporator. The obtained still residue had the following composition: 



TMP 


10.0% 


di-TMP 


39.6% 


bis-TMP 


30.8% 


Other organic by-products 


19.6% 


Salts 


3,000 ppm 


Coloring degree (Gardner color scale) 


18 



EXAMPLE 1 

<-\ 

[0052] A 50-ml Eriemmeyer flask was charged with 10.0 g of the still residue obtained in PRODUCTION EXAMPLE, 
3.0 g of hydroxylamine sulfate and 17.0 g of water, and the contents of the flask were heated at 90°Cfor3 hours under 
stirring to conduct an acid decomposition reaction thereof. After completion of the reaction, the reaction mixture was 
measured by gas chromatography (hereinafter referred to merely as "GC") to examine its composition. As a result, it 
was confirmed that no di-TMP was decomposed, but bis-TMP and other components similarto di-TMP were completely 
decomposed and converted into low-boiling components such as TMP. In addition, it was confirmed that no CDF was 
produced by the acid decomposition reaction. After neutralizing the reaction mixture with a saturated sodium hydro- 
gencarbonate aqueous solution, low-boiling and high-boiling components were removed therefrom, so that di-TMP 
having a purity of 98.3% and a Hazen color scale of 50 or lower was obtained at a recovery percentage of 80%. 
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EXAMPLE 2 

[0053] A 1 .000-ml three-neck flask equipped with a reflux condenser and a magnetic stirrer, was charged with 201 .3 
g of the still residue obtained in PRODUCTION EXAM PLE, 404.9 g of methanol and 4.0 g of sulfuric acid. The contents 
of the flask were heated under stirring at such a temperature capable of causing methanol to be refluxed, thereby 
subjecting them to acid decomposition reaction for 2 hours. Dimethoxymethane produced during the reaction was 
continuously discharged out of the reaction system. After completion of the reaction, the obtained reaction mixture was 
measured by gas chromatography (GC) to examine its composition. As a result, it was confirmed that bis-TMP and 
other components similar to di-TMP were completely decomposed, and that the ratio of di-TMP to CDF was 4.3:1 . 
After the reaction mixture was neutralized with a saturated sodium hydrogencarbonate aqueous solution, low-boiling 
and high-boiling components were removed therefrom. As a result, di-TMP having a purity of 98. 5 %and a Hazen 
color scale of 50 or lower was obtained at a recovery percentage of 60%. 

COMPARATIVE EXAMPLE 1 

[0054] A 500-ml beaker equipped with a mechanical stirrer was charged with 150 g of the still residue obtained in 
PRODUCTION EXAMPLE and 150 g of methylisobutyl ketone (MIBK), and the contents of the flask were heated under 
stirring until a transparent solution was obtained. Then, the resultant solution was slowly cooled to 20°C for about 3 
hours under stirring. The obtained crystals were washed with 75 g of MIBK and then dried under reduced pressure to 
recover about 90% of di-TMP and bis-TMP contained in the still residue. Sixty six grams of the obtained crystals were 
dissolved in 132 g of water at 50°C, and the resultant solution was slowly cooled to 20°C under stirring. The obtained 
crystals were washed with 66 g of water and then dried. As a result, it was confirmed that 30.9 g of crystals having a 
purity of 90. 1 % or higher when measured by GC and a Hazen color scale of about 130 were obtained, and the recovery 
percentage of di-TMP was 40%. 

[0055] Meanwhile, EXAMPLE 1 showsthecase where the acid decomposition was conducted by adding a scavenger 
for decomposed products to the still residue produced upon the purification of TMP; EXAMPLE 2 shows the case where 
the acid decomposition was conducted without using the scavenger for decomposed products; and COMPARATIVE 
EXAMPLE 1 shows the case where no acid decomposition was conducted. From the above results, it was confirmed 
that when the scavenger for decomposed products was added to the still residue upon the acid decomposition thereof 
in accordance with the present invention, it became possible to effectively remove impurities therefrom and obtain a 
high-purity di-TMP at a high yield. 
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TMP 
di-TMP 
CMF 
bis -TMP 

Other organic by-products 



32.6% 
46.1% 
10.7% 
0.0% 
10.6% 



[0062] The reaction mixture obtained after the acid decomposition was mixed with 60.0 g of ethyl acetate, and then 
heated to a temperature of 50 to 60°C while stirring to obtain a uniform solution. The solution was then gradually cooled 
to 20°C while stirring for 4 hours to obtain crystals. The obtained crystals were filtered out, washed with ethyl acetate, 
and then dried under reduced pressure to obtain 1 5.2 g of white di-TMP powder having a purity of 98.5%. Also, it was 
confirmed that the obtained di-TMP was a high-purity product exhibiting a melting point of 109.2 to 110.2°C and ex- 
hibited a Hazen color scale 20 or lower. The recovery percentage of di-TMP was 42% 



[0063] A 500-ml beaker equipped with a magnetic stirrer was charged with 180 g of the still residue obtained in 
PRODUCTION EXAMPLE and 180 g of methylisobutyl ketone (MIBK), and the contents of the beaker were heated to 
a temperature of 50 to 60°C while stirring to completely dissolve the still residue in MIBK. The resultant solution was 
gradually cooled to 20°C for 4 hours while stirring to obtain crystals. The obtained crystals were filtered out, washed 
with MIBK and then dried to obtain 94 g of crystals. After heating the crystals to 100°C, 330 mg (3,500 ppm) of p- 
toluenesulfonic acid was added thereto, and the mixture was subjected to acid decomposition reaction at 90°C for 2 
hours. 

[0064] The reaction solution obtained after the acid decomposition reaction was distilled at 140°C under a pressure 
of 13 Pa to recover low-boiling components (mainly CMF) therefrom. Then, the solution was cooled to about 100°C, 
and 110 g of MIBK was added thereto. The resultant mixture was stirred under heating at about 100°C to obtain a 
uniform solution. The obtained solution was cooled to 20°C for 3 hours while stirring to obtain crystals. The crystals 
were filtered out, washed with MIBK, and then dried under reduced pressure to obtain 45.2 g of white di-TMP powder 
having a purity of 98.4% and a Hazen color scale of 30 or lower. The recovery percentage of di-TMP was 63% 



[0065] The still residue obtained in PRODUCTION EXAMPLE was subjected to film evaporator at 235°C under a 
pressure of 1 3 Pa or lower to remove high-boiling components having a higher boiling point than that of di-TMP together 
with salts therefrom. The obtained distillate was further distilled at 180°C under a pressure of 13 Pa or lower to recover 
TMP therefrom. Forty nine grams of water was added to 49.0 g of the resultant bottoms, and the mixture was heated 
while stirring until a transparent solution was obtained. The obtained solution was slowly cooled to 0°C for 6 hours 
while stirring. The resultant crystals were filtered out, washed with water, and then dried to obtain 5.9 g of crystals. It 
was confirmed that the crystals were di-TMP having a purity of 95.4%, and exhibited a Hazen color scale of 50 or lower. 
The recovery percentage of di-TMP was 26% 

COMPARATIVE EXAMPLE 3 

[0066] One thousand grams of the still residue obtained in PRODUCTION EXAMPLE was dissolved in 1 ,000 g of 
ethyl acetate under heating. The obtained solution was slowly cooled to 20°C while stirring, and further continuously 
stirred at 20°C for a while. After 6 hours, the obtained crystals were filtered out, sufficiently washed with 1 ,000 g of 
ethyl acetate, and then dried to obtain 52 g of crystals. It was confirmed that the resultant crystals contained 57.1% of 
di-TMP and 39.3% of bis-TMP, and exhibited a Hazen color scale of about 150. The recovery percentage of di-TMP 



[0067] EXAMPLE 4 shows the case where the still residue obtained upon the purification of TMP was successively 
subjected to film evaporator in order to remove high-boiling components therefrom, to acid decomposition in order to 
decompose a formal compound contained therein, and then to crystallization; EXAMPLES 5 and 6 shows the case 
where the still residue obtained upon the purification of TMP was successively subjected to crystallization using a 
solvent, to acid decomposition and then again to crystallization; and EXAMPLE 7 show the case where the still residue 
obtained upon the purification of TMP was subjected to film evaporator in order to remove high-boiling components 
therefrom, and then to crystallization. From the above results, it was confirmed that di-TMP obtained in each of these 
EXAMPLES exhibited a lower coloring degree and had a higher purity as compared to that obtained in COMPARATIVE 
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was 75%. 
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(54) Process for recovering ditrimethyiolpropane 

(57) The present invention provides processes for 
recovering ditrimethyiolpropane from a still residue ob- 
tained by extracting and then distilling off trimethylolpro- 
pane from a reaction solution obtained by reacting n- 
butyraldehyde with formaldehyde in the presence of a 
basic catalyst. 

One process comprises acid decomposition of formals 



in the still residue. 

A second process comprises removal from the still res- 
idue of components having a higher boiling point than 
that of ditrimethyiolpropane followed by crystallization 
of the resultant product. 



CO 
< 

o 

CO 

o 

CO 



gj BEST AVAILAB! p copy 



Printed by Jouvc, 75001 PARIS (FR) 



SDOCID: <EP U78030A3 I > 



Ef 5 1 178 030 A3 



-European Patent 
Office 



EP 01 11 8203 



CLAIMS INCURRING FEES 



The present European patent application comprised at the time of fifing more than ten claims. 

□ Only part of the claims have been paid wnthfn the prescribed time limit The present European search 
report has been drawn up for the first ten claims and for those dalms for which claims fees have 
been paid, namely daJm(a): 



□ No claims fees have been paid within the prescribed time Omit The present^uropean search report has 
been drawn up for the first ten claims* 



LACK OF UNITY OF INVENTION 



The Search Division considers that the present European patent application does not-compty with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 



see sheet B 
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AD further search fees have been paid within the fixed time Omit The present European search report has 

ixsstnsftffifijsp for ainsams: -~ 

As afl searchable claims could be searched without effort justifying an additional fee, the Search Owteaon 
did not invite payment of any additional fee. 

Only part of the further search fees have been paid within the fixed time limit The present -European 
search report has been drawn up tor those parts of the .European patent application which rotate to the 
inventions in respect of which search fees have been paid, namefy claims: 



| I None of the further search fees have been paid within the fixed time fcrnri. The present European search 
I — I report has been drawn up for those parte of the "European patent application which reJato to the invention 
first mentioned in the claims, namely claims: 
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